Magnetic resonant x-ray scattering experiments at the Mn K edge have revealed the occurrence of two different resonances in antiferromagnetic RbMnF 3 . Below the K edge, at the 3d threshold, the resonance profile is consistent with quadrupole electrical transitions from the 1s core level to the 3d states; the observed resonance amplitude corresponds to the expected value for spin-orbit splitting in 3d levels. The resonance at the 4p threshold extends over the whole 4p band; it is explained on the basis of electric dipole transitions which involve both spin-orbit splitting and exchange splitting of the 4p states. ͓S0163-1829͑99͒11937-4͔
I. INTRODUCTION
Resonant x-ray magnetic scattering ͑RXMS͒ has become a widely used technique for the study of magnetism. The resonant enhancements, the chemical and electronic selectivity of the magnetic x-ray scattering cross section, have allowed important breakthroughs in the study of magnetic systems. However, the full use of this method rests on the assumption that the resonant scattering amplitude is directly and simply related to the local magnetization. Although an example of RXMS was observed by Namikawa et al. at the K edge of nickel metal, 1 most of the experimental studies have dealt with L 2,3 and M 4,5 edges of lanthanide and actinide compounds. In the theoretical model based on electric multipole transitions presented by Hannon et al. 2 to account for the observation of RXMS in pure holmium, 3 the magnetic resonance finds its origin in the asymmetry of the transition probabilities arising from the spin polarization of the intermediate states coupled with spin-orbit splittings either in the core levels or in the excited states. For this reason, the proposed mechanism is likely to apply to the spin-orbit split L 2,3 and M 2 -5 edges. However, the resonance at the K edge would have to rely primarily upon spin-orbit effects in the excited levels. As a result, the dipole (E1) transitions to 4p states are expected to have a weak contribution because of the small spin-orbit coupling in the p states and their weak spin polarization. Furthermore, Lovesey et al. have shown that quadrupolar (E2) transitions to 3d levels at the K edge are induced by the orbital moment of the 3d states of the atomic ground state; 4, 5 it was predicted 4 that in the absence of such an orbital moment, splittings in the 1s level could lead to weak E2 resonances without rotation of the polarization. Consequently, E1 and E2 magnetic resonances at K edges in Lϭ0 ground-state systems should be less pronounced than resonances at spin-orbit split edges such as the L 2,3 and M 4,5 edges. In contrast with these ideas, Namikawa et al. had introduced a different model based on transition operators to 4p levels involving both the electron spin and the photon electrical field, in order to explain the magnetic resonance observed at the Ni K edge.
1 This model does not require spin-orbit coupling but does require a net spin polarization of the 4p states.
In general, it appears that the experimental results at the L 2,3 and M 4,5 edges can be interpreted from a simple atomic view of the resonant process within the scope of Hannon's model. However, recent experimental results have shown that the interpretation of RXMS and spin-polarized x-ray absorption data is more involved, even in the case of 4 f and 5 f systems. In particular, experiments at the L 2 and L 3 edges of Dy in DyFe 4 Al 8 have indicated that it is necessary to go beyond simple atomic physics to account for the observed results. 6 It is worth noting that in all systems studied so far, the resonances at the L 2,3 and M 4,5 edges have shown welldefined resonant energies; even when an energy splitting occurs, the energies involved are in the 0.5-2.0 eV range, and their physical origin can be found in exchange splitting. This is to be contrasted with the observations of the K-edge resonances in 3d systems [7] [8] [9] where magnetic resonances have been detected at the E2 and E1 threshold; the E2 peaks are sharp but the E1 resonance extends over an energy width of the order of 10 eV, comparable to the 4p band width. Furthermore, the resonance at the K edge can have a nonmagnetic character due to the sensitivity of the 4p states to the lattice symmetry. [10] [11] [12] Several studies of magnetic x-ray dichroism have revealed the existence of resonant effects at the K edge of 3d elements and compounds. [13] [14] [15] It is the purpose of this work to investigate the polarization and energy dependence of the x-ray magnetic cross section near the K edge of an Lϭ0 system in order to discriminate between possible origins for the resonance, while avoiding complex lattice effects. For this purpose we have chosen to study Mn compounds where the Mn atoms are in the 3d 5 configuration. Among the salts which can be formed with Mn 2ϩ ions, some have a noncubic local symmetry, such as MnF 2 , which leads to nonmagnetic resonant scattering 12 or exhibit large magnetostriction effects like MnO. 16 We have therefore selected the perovskite structure of RbMnF 3 which does not suffer from either of these effects.
RbMnF 3 has a simple-cubic structure (O h 1 space group, aϭ4.223 Å at Tϭ20 K) and orders antiferromagnetically below the Néel temperature T N ϭ83.6 K with a propagation vector ͑ 1 2 , 1 2 , 1 2 ͒. The magnetic moments lie along the ͗111͘ direction and form alternating ferromagnetic ͕111͖ planes. 17, 18 There exist four magnetic domains corresponding to the four moment directions which all contribute to the scattering at any magnetic Bragg peak. A very small trigonal distortion of the cubic structure develops below T N . 19 Nevertheless, because its magnetic anisotropy is negligible, 20 RbMnF 3 has been classified as the closest known physical realization of an isotropic three-dimensional ͑3D͒ Heisenberg antiferromagnet. 21 Indeed, the Mn 2ϩ ions are in an L ϭ0 ground state of the 3d 5 configuration. The presence of a weak spin-orbit coupling in the 3d levels has been invoked to account for the observation of linear dichroism in the visible light range. 22 These characteristics make RbMnF 3 a suitable material to study possible origins of resonant enhancement of magnetic x-ray scattering.
We have organized the presentation of our work as follows: After the description of the experimental conditions in Sec. II, we report our experimental observations of the x-ray magnetic scattering near the manganese K edge in Sec. III. A discussion of the various models is given in Sec. IV, followed by the comparison with the experimental data in Sec. V. Finally, we present tentative perspectives for future work to elucidate the origin of resonant magnetic x-ray scattering at the K edge.
II. EXPERIMENTAL CONDITIONS
A preliminary x-ray study of the magnetic resonance at the Mn K edge in RbMnF 3 was performed at HASYLAB, at the wiggler beamline W1. Although resonant effects could be observed, the measured intensities were too weak to allow for complete polarization analysis in good conditions. Further difficulties arose since the energy resolution was not sufficient to separate the observed resonances. This paper describes the results of x-ray experiments conducted at the European Synchrotron Radiation Facility ͑ESRF͒ magneticscattering beamline ID20.
ID20 is the beamline at ESRF that is dedicated to magnetic scattering studies. 23 It receives x rays from a straight section which accommodates several insertion devices. During the experiments at ID20 described below, a 48-mmperiod undulator was used. For the first experiment, only the second harmonic could be used to provide photons near the manganese K edge at 6.539 keV, whereas during the second experiment, thanks to a new vacuum chamber, the undulator gap could be closed further to reach the manganese K-edge energy with the third harmonic of the undulator. This constituted an important improvement in the experimental conditions for two reasons: ͑1͒ for a given energy bandwidth, the photon flux is higher at an odd harmonic; ͑2͒ the photon beam is better polarized at odd harmonics, and this effect is enhanced by the possibility of using a narrower radiation cone. The beamline optics consists of a double Si ͑111͒ crystal monochromator mounted between two vertically focusing Si mirrors. Sagittal focusing is achieved with the second monochromator Si crystal. The monochromaticity of the incident beam was measured to be 1.4ϫ10
Ϫ4 leading an energy resolution of 0.9 eV ͑full width at half maximum͒ at the Mn K edge. In the first experiment, the primary slits before the optics were opened to 1ϫ1 mm 2 , resulting in a photon flux at the sample of Ϸ10 12 photon/s/200 mA; they could be closed down to 0.5ϫ0.5 mm 2 in the second experiment, with a slightly higher photon flux (2ϫ10 12 photons/s/200 mA), resulting in a spot size of the focused beam at the sample position of 0.6 ͑horizontal͒ϫ0.3 ͑vertical͒ mm 2 in both cases. The measured degree of incident horizontal linear polarization was 85% and 96%, respectively. The linear polarization of the scattered beam was analyzed using the ͑030͒ Bragg reflection from a sapphire crystal Al 2 O 3 , with a Bragg angle of 43.6°at the Mn K edge. The measured peak reflectivity of the analyzer crystal was 11% at 6.5 keV. Corrections to account for the departure from the ideal 45°position 24 were neglected. The Al 2 O 3 crystal has a mosaic spread of 0.022°. Such a narrow width makes it difficult to integrate correctly intensities at various Q positions and no effort was made to deconvolute the Q-resolution effects. Furthermore, a quantitative comparison of the intensities measured in the different polarization channels is difficult due to the complex change in the resolution function, even if rocking curves of the analyzer crystal were found to be almost identical in the two polarization channels → and →. On the other hand, the energy bandpass of this analyzer crystal is less than 3 eV, which allowed us to eliminate efficiently the fluorescence background, more than 40 eV below the edge. The Q dependence of integrated intensities could be measured more accurately without polarization analysis. Typical count rates were around 3500 counts/s at the ͑ 2 ͒ reflection at the E1 resonance above a fluorescent background of 13 000 counts/s without the analyzer crystal. The Al 2 O 3 crystal reduced the background to a few counts/s.
The RbMnF 3 sample used for these studies was a single crystal cut with its face perpendicular to the ͑001͒ direction and mechanically polished. The measured mosaic spread of the ͑002͒ reflection at 6.50 keV-i.e., below the absorption edge-was 0.032͑4͒°. It actually increased to 0.041͑5͒°at 6.55 keV, close to the maximum of the absorption. A simple interpretation relates to a poorer crystal quality close to the surface, due to sample preparation ͑cutting and mechanical polishing͒: the penetration depth-which can be in first approximation taken as equal to 1/͓ * sin(␣ 0 )͔, ␣ 0 being the incidence angle-decreases from 10 to 4 m when varying the energy from 6.5 to 6.55 keV, which makes diffraction peaks more sensitive to the quality of the near-surface region.
The sample was mounted in a closed-cycle refrigerator on the ID20 diffractometer. The scattering plane was vertical with incident linear polarization. The orientation was chosen to have both ͑001͒ and ͑110͒ cubic axes in the scattering plane, when the surface normal was in the scattering plane. This gave access to the ( 2 ) in an inclined geometry. Integrated intensities were deduced from the measured rocking curves of the sample, and normalized to a monitor intensity. Numerically, they were obtained by fitting a constant background and a (Lorentzian) 3/2 to the data. This line shape was not chosen for any physical reasons, but only for the fact that it modeled best the observed rocking curves. The footprint-absorption corrections were performed on the integrated intensities, using I corr ϭI meas* * (1ϩsin ␣ 0 /sin ␣ 1 ) where ␣ 0 and ␣ 1 are the angles of the incoming and outgoing beams with the sample surface. The energy-dependent absorption coefficient has been deduced from transmission measurements through a RbMnF 3 powder sample.
III. RESONANT SCATTERING RESULTS
Magnetic Bragg peaks were observed at (h/2,k/2,l/2) positions in the reciprocal lattice, in agreement with the magnetic structure determination. 17 The energy dependence of the magnetic intensity through the K edge, between 6.52 and 6.58 keV, was observed without polarization analysis at T ϭ20 K. 2 ) reflection. The top part shows the fluorescence as determined by fitting the incoherent background below the magnetic peak; the center part shows the variation of the integrated intensity with the incident photon energy, while the bottom part illustrates the evolution of the rocking curve width. The broadening observed near the absorption edge ͓Fig. 1͑c͔͒ is due to the change in the penetration depth. The magnetic intensity ͓Fig. 1͑b͔͒ exhibits striking features at energies corresponding exactly to the different maxima in the fluorescence at 6.545, 6.549, and 6.551 keV ͓Fig. 1͑a͔͒. The resonant effects can be summarized as follows: ͑i͒ there exist large enhancements of scattered intensities at photon energies at the 4p threshold above the K edge over an energy range of 10 eV; and ͑ii͒ a dip and an oscillatory behavior are observed near the 3d threshold where virtual transitions to the strongly spin-polarized 3d states are expected; this energy corresponds to the prepeak seen in the fluorescence data. Very similar features have been observed on three other magnetic reflections ͑ sured reflections together with the fluorescence signal. It is noteworthy that even if the corrected intensities on both sides of the absorption edge are similar, the high-energy intensities are consistently lower, indicating that the absorption corrections are underestimated. The energy line shape for all the measured reflections is very similar, the only difference being the variation of resonant intensities with Bragg peak position ͑h,k,l͒. It should be noted that the maxima in the E1 resonant intensity coincide with peaks in the fluorescence spectrum, even before absorption corrections are made. Resonant enhancements by a factor of 10 are observed, which is as strong as that observed in light rare earths. 25 In order to identify the origin of the resonances, two experiments were conducted to perform polarization analysis at the ͑ In the second experiment, we concentrated on the peculiar behavior observed at the prepeak energy ͑indicated by a vertical arrow in Fig. 1͒ . Note that intensities given in arbitrary units from the same reflections differ from one experiment to the other roughly by a factor of 3 owing to the change of the normalization device. The results are shown in Figs. 4 and 5 for the three studied reflections ͑ 2 ͒ show an interesting resonant behavior: in the rotated channel -, the scattered intensity increases by about 50% at the 3d threshold, whereas the nonrotated channel -exhibits a dip of similar magnitude at the same photon energy. These effects are barely noticeable at the ͑ Finally, we have studied the temperature dependence of magnetic intensities at the ͑ revealed the multigrain structure of the sample and the agreement is reasonable considering the experimental uncertainties: a possible explanation would be that neutrons and 6.5-keV x rays do not probe the same sample ͑neutrons see the bulk of the sample whereas soft x rays are limited to a nearsurface region͒.
IV. MAGNETIC SCATTERING AMPLITUDES
In the following, we will address the question of the possible mechanisms for the magnetic resonance by comparing our experimental results with predictions from existing models. Our data extend over a wide range of photon energy, which allows comparison between nonresonant and resonant intensities: the normalization of resonant scattering intensities to the nonresonant intensities provides a measure of the resonant scattering amplitude. We will now successively discuss the two regimes.
A. Nonresonant magnetic scattering
Magnetic x-ray scattering arises from the interaction between the electromagnetic field and the electronic spin and current operators. 26, 27 When the photon energy is far from photoabsorption resonances, the nonresonant ͑NRXS͒ magnetic scattering amplitude f nonres (Q) per Mn site can be written as
where Qϭk i Ϫk f is the scattering vector with incident and scattered wave vectors k i and k f ; denotes the Bragg angle. The vectors S(Q) and L(Q) contain the spin and orbital magnetic form factors, respectively. They are given by their components in a standard coordinate system u 1 ,u 2 ,u 3 , 28 where u 1 is directed along k i ϩk f , u 2 is perpendicular to the scattering plane and parallel to k i ϫk f , and u 3 is along Q. A matrix form for the scattering amplitude is used to represent the polarization dependence; the basis vectors for the polarization i and f correspond to a linear polarization either perpendicular ͑͒ or parallel ͑͒ to the scattering plane.
In the case of Lϭ0 such as Mn 2ϩ , f nonres (Q) reduces to
where 2S B is the ordered magnetic moment per site and f m (Q) is the spin-only magnetic form factor. z is a unit vector along the magnetization direction. The nonresonant scattering amplitude can be explicitly calculated when the amplitude and direction of the magnetic moments are known. In the case of RbMnF 3 , we obtain ͉ f nonres ͉ϭ2S(ប/mc 2 )r 0 Ϸ5.5ϫ10 Ϫ2 r 0 at the K edge as a prefactor for the geometrical dependence in Eq. ͑2͒.
B. Resonant regime
Taking into account the presence of absorption edges, the magnetic resonant scattering amplitude can be expressed as 29, 30 and we can assume that the Mn 2ϩ are in the 6 S state. This is corroborated by the weak magnetic anisotropy in the ordered state as measured by antiferromagnetic resonance. 21 In RbMnF 3 , the 3d states form a very narrow band which consists of filled 3d↓ subbands and one unoccupied 3d↑ subband. Despite the Lϭ0 ground state value, spin-orbit coupling is present in the 3d states with characteristic splitting values ⌬ 3d Ϸ0.04 eV. 31 In contrast with the 3d levels, the 4p states form an extended band ͑10 eV wide͒ above the 3d levels with a weak spin-orbit splitting ⌬ 4p Ϸ0.01 eV and, possibly a small spin polarization, m 4p . Owing to the O h point symmetry of the Mn 2ϩ sites, there is no mixing of the 3d and 4 p states; E1 transitions connect the 1s core level to the 4p levels only while E2 transitions lead to pure 3d states. The observation that the E1 resonance extends over 10 eV indicates that probably the whole 4p band contributes to the resonance. Nevertheless, in this paper, we will restrict ourselves to an atomic picture and we will consider transitions from the 1s core level to ideally narrow 3d and 4p states at resonant energies E K 3d and E K 4p ; they correspond to the prepeak and white line energies in the fluorescence spectrum in Fig. 2 at  6 .538 keV and around 6.550 keV, respectively. We note that in RbMnF 3 the 4p bands are empty with no net 4p magnetization; nevertheless, we will consider the general case of partially occupied 4p bands with n h holes (0рn h р6) and a partial spin polarization m 4p (0рm 4p р3).
Three contributions to the resonant scattering amplitude in Eq. ͑3͒ should be considered:
24,29 a pure spin-spin term,
, and finally a purely orbital term, ( f • P)( i • P). The pure spinspin resonant term, (k f ϫ f •s)(k i ϫ i •s) does not give rise to antiferromagnetic Bragg peaks, although it contributes to the anomalous scattering. 27 The cross term ( 
where m 4p is the spin polarization of the 4p holes and a 0 the Bohr radius. ͗1s͉r/a 0 ͉4 p͘ is the E1 radial matrix element.
This expression for f Nam in Eq. ͑4͒ is equivalent to the result previously derived. 1 From Eq. ͑4͒, we note that this resonant process predicts the absence of resonant intensity in thepolarization channel, similarly to Hannon's model; 2 more importantly, it does not induce a magnetic circular dichroism signal because f Nam vanishes at Qϭ0. Therefore, this mechanism cannot account for magnetic resonances leading to a magnetic x-ray dichroism signal. [13] [14] [15] The last contribution to the resonance arises from the purely orbital term ( f • P)( i • P) in Eq. ͑3͒. As pointed out by Hannon et al., 2 these multipolar electric transitions couple to the magnetization if there exists spin-orbit coupling in either the core level or the excited states. The magnetic sensitivity arises from the spin polarization and the exchange splitting in the intermediate states. At the K edge, neglecting exchange splitting in the 1s level, the absence of spin-orbit interaction in the core level implies that some asymmetry exists in the excited states. Spin-orbit coupling in the 4p states was previously introduced to account for the circular dichroism observed in Fe. 13 Let us first discuss the E1 tran-sitions. The asymmetry between 4p↑ and 4p↓ states arises from m 4p , the net number of polarized 4p electrons, and from the exchange splitting J induced by the 3d moments between the up-͑lower energy͒ and the down-spin states ͑upper energy͒. We have also included the possibility for breathing effects due to the difference between radial transition matrix elements:
The transition probabilities 2 are summed over the jϭ 1 2 and jϭ 3 2 multiplets separated by the spin-orbit splitting ⌬ 4p , small compared to ⌫ c /2. Following the method of Ref. 2, we obtain the E1 part of the resonant scattering amplitude as
where n h is the total number of holes available in the 4p band and m 4p is the net number of spin-up 4p electrons. The energy profile is not a simple Lorentzian shape because the two energy scales, ⌬ and J, induce small energy shifts in the usual Lorentzian, leading to first-and second-derivative profiles. In principle, the analysis of the energy line shape would make it possible to disentangle the spin-orbit and the exchange splittings. Now we consider the E2 scattering amplitude. In the Mn 2ϩ ground state, the 6 S term of the (1s 2 ,3 d 5 ) configuration, the probabilities for transitions from 1s to the 3d available states summed over the jϭ 2, 25 Restricting ourselves to the magnetic part of the resonant scattering amplitude, we find that
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It should be noted that this model predicts resonant effects in the rotated and unrotated polarization channels, in agreement with the experimental observations. The models that have been used above are certainly oversimplified and cannot provide an accurate amplitude. In particular, all the intermediate states have been treated as atomiclike. Nevertheless, it is instructive to extract some orders of magnitude for the predicted resonant amplitudes. At this point, it is worth noting that ͉ f Nam ͉ is reduced by ប/mc 2 compared to ͉ f E1 ͉; this is in agreement with usual comparisons between magnetic and electric transitions. In the ionic compound RbMnF 3 , there is no electron in the 4p band, n h ϭ6 and m 4p ϭ0; therefore, f Nam vanishes, Eq. ͑4͒. This means that, within the approximations leading to Eq. ͑4͒, the ( f • P)(k i ϫ i •s) term in the scattering amplitude cannot represent the observed resonance in RbMnF 3 at the K edge. Now let us consider the ( f • P)( i • P) contribution, Eqs. ͑6͒ and ͑7͒. The E1 and E2 radial matrix elements can be taken as 2.5ϫ10
Ϫ3 and 7ϫ10 Ϫ4 , respectively, 34 and the spin-orbit splitting of 3d states ⌬ 3d Ϸ0.04 eV. 31 The value ⌫ c ϭ1.1 eV for the core-hole lifetime was extracted from the fluorescence data, 35 and is in agreement with calculated values. 36 At the Mn K edge, (ka 0 ) 2 Ϸ3. Educated guesses for the other parameters (⌬ 4p Ϸ0.05 eV, ␦Ϸ0.01 and/or J Ϸ5 meV) lead to ͉ f E1 ͉Ϸ4ϫ10 Ϫ3 r 0 and ͉ f E2 ͉Ϸ1ϫ10 Ϫ3 r 0 at the resonant energy. These estimates for the E1 and E2 resonant scattering amplitudes yield values that are smaller than the nonresonant scattering amplitude ͉ f nonres ͉ at Qϭ0. In the following, we will compare the observed resonant with the nonresonant scattered intensities. The nonmagnetic part of the total x-ray scattering amplitude can be assessed by a correlation with the fluorescence. The fluorescence curve ͓Fig. 1͑b͔͒ has been transformed into the imaginary part f Љ of the scattering amplitude; at the E1 the white line is experimentally found to contribute up to 16 electrons, whereas the E2 contribution is around 0.09 electrons. Our model gives 12 and 0.07 electrons at the E1 and E2 threshold, respectively, indicating that the resonant scattering amplitudes are realistic. It should be stressed that the energy line shape of the fluorescence in Fig. 2 shows that the 4p states must be treated as bands. However, such an approach is beyond the scope of this paper.
The total scattering amplitude is the sum of the resonant and the nonresonant parts given in Eqs. ͑2͒, ͑6͒, and ͑7͒.
Usually, the magnetic structure factors are then calculated and transformed in scattering cross sections by using a density-matrix formalism to account for the polarization of the radiation. 28 Here, in order to simplify the analysis, we will assume a perfectly linearly polarized incident beam.
V. COMPARISONS AND DISCUSSIONS
As mentioned above, there exist four magnetic domains in RbMnF 3 which all contribute to a given Bragg peak at Q, and magnetic intensities must be averaged over the magnetic domain populations. A full determination of the domain fraction would require measurements of the azimuthal dependence of polarized intensities. Here, we assume that all domains are evenly populated and we make use of the relation ͗z u z v ͘ϭ 1 3 ␦ uv , valid in cubic symmetry, when calculating scattered intensities. This hypothesis can be verified by considering the observed nonresonant intensities. By including the appropriate Lorentz factor Lϭsin 2, 37 we obtain from Eq. ͑2͒
where N is a scale factor and A nonres ϭ(ប/mc 2 )2S. The spin-only magnetic form factor can be taken from Ref. 38 . When no polarization analysis is performed, the scattered intensity from a linearly polarized beam reduces to
In Table I , measurements of total intensities at 6.5 keV are compared with the predicted angular dependence in Eq. ͑9͒. The observed relative agreement with the predicted values supports our assumption about the domain distribution.
We will now discuss the energy dependence of magnetic intensities across the E1 (E K 4p ) and the E2 (E K 3d ) resonances. For the sake of simplicity, we ignore the variation of quantities such as ប/mc 2 , E K 3d /ប, and E K 4p /ប in Eqs. ͑2͒-͑7͒ over the energy range that we have studied. We have used broadened energy line shapes ͑effective ⌫ c Ϸ1.5 eV) in order to take into account the finite energy resolution of the spectrometer.
A. Dipolar threshold
Leaving aside the (k f ϫ i •s)( i • P) term, we concentrate on the ( f • P)( i • P) model which leads to
where
In the absence of 4p electrons (n h ϭ6 and m 4p ϭ0) the breathing ␦ and the exchange splitting J/⌫ c play a similar role ͓see Eq. ͑6͔͒. As mentioned below, the broad energy line shape of the E1 resonance prevents any comparison between (Lorentzian) 2 and (Lorentzian) 3 profiles which would help in distinguishing the two contributions. For the sake of simplicity we have assumed a (Lorentzian) 2 profile with an effective adjustable parameter (⌬ 4p /⌫ c )␦ eff .
As shown from Figs. 2 and 3, the resonance at the 4p threshold forms a wide band in energy significantly broader than the core-hole lifetime, ⌫ c , with peaks corresponding to maxima of the energy-dependent absorption coefficient. Similar broad resonances in the vicinity of the 4p threshold have been observed in several other RXMS experiments 8, 9 and magnetic circular dichroism studies. [13] [14] [15] Their origin arises from the presence of the broad 4p bands or alternatively from multiple-scattering processes. The variation of the resonant amplitude with the photon energy reflects the variation of the density of spin-polarized states across the 4p band. Spikes similar to those observed in Figs. 2 and 3 have also been found in band calculations for Mn oxides. 39 It is beyond the scope of this paper to represent the band nature of the resonance. In the simplest model, the dipole-projected density of states which gives the white line and the fluorescence yield is expected to be responsible for the magnetic resonant scattering. In this manner we have minimized the number of parameters by choosing three resonances centered at 6.545, 6.549, and 6.551 keV, i.e., at the peaks in the fluorescence signal.
The modeling of the data in the -channel at the ͑ 2 ͒ positions by the ( f • P)( i • P) scattering amplitude Eq. ͑10͒ is shown in Fig. 3 . For the two reflections, each resonance contributes to 2 -3ϫ10 Ϫ2 r 0 . The full lines in Fig. 3 34 No information is available on the size of the exchange splitting of the 4p bands induced by the antiferromagnetic ordering of the 3d moments. Core-level photoemission studies on Fe metal have provided values of the exchange splitting of the 2p states in the 0.3-0.5 eV. 40 Simi- Obviously, the energy profile of the resonance is not well reproduced but it can only be explained if the electronic band structure of RbMnF 3 is taken into account.
